Background: Non-adherence to tuberculosis (TB) treatment can result in an emergence of new strains, prolonged infectiousness, drug resistance and poor treatment outcomes. Thus, assessment of the level of adherence to anti-TB treatment, treatment outcomes and identifying factors associated with non-adherence and poor treatment outcomes are vital for improving TB treatment adherence and treatment outcomes in the study area. The main objectives of the current study were to assess the level of adherence to anti-TB treatment among patients taking anti-TB drug treatment and to identify factors associated with non-adherence. Whereas, the secondary objectives were to assess treatment outcomes and factors associated with poor treatment outcomes among TB patients previously treated at the health institutions of Alamata District, northeast Ethiopia.
Background
Tuberculosis (TB) continues to be a major health concern worldwide [1] . In particular, the emergence of drug resistant strains of TB is considered a global threat to the control of TB. Nevertheless, TB is a curable disease if treatment is received quickly and appropriately. Thus, rapid and accurate diagnosis and the use of effective anti-TB treatments are priority tools not only for minimizing morbidity and mortality, but also for mitigating the spread of TB among the population. However, TB patients who are not cured or non-adherent to their treatment not only pose a serious risk both for individuals and community [2] , but also present a challenge to effective TB control [3] .
Non-adherence to anti-TB treatment may result in the emergence of multidrug resistant TB (MDR-TB), prolonged infectiousness and poor TB treatment outcomes [4, 5] . In previous studies, patients related factors including feeling better, forgetfulness, lack of knowledge on the benefits of completing a treatment course, running out of drugs at home, distance to the health facility, HIV seropositivity, alcohol abuse, use of herbal medication, stigma and male gender were significantly associated with nonadherence to an anti-TB treatment [6] [7] [8] [9] [10] [11] [12] . Non-adherence to an anti-TB drug treatment was also significantly associated with drug side effects, being in the continuation phases of chemotherapy, pill burden, lack of adequate communication with health professionals and lack of family support [9, 10, 12] . A studys done in the southern part of Ethiopia found that re-treatment cases, having a positive smear at the second month of follow-up, smear-negative pulmonary TB, being older than 55 years and being male were significantly associated with unsuccessful TB treatment outcomes [13] . In a study conducted among smear positive TB patients in northern Ethiopia [14] ,, being older than 40 years of age, having family size of more than 5 persons, being unemployed and being retreatment cases were significantly associated with unsuccessful treatment outcomes.
Taken together, the above-mentioned studies indicate that different factors have been associated with non-adherence to anti-TB treatment and TB treatment outcomes in different countries as well as in different communities in the same country. Hence, information on the level of adherence to TB treatment, treatment outcomes and identifying specific factors which affect adherence to TB treatment and treatment outcomes in different settings are important to understand specific problems and accordingly design community/ population-based appropriate strategies to reduce these problems.
Ethiopia is among the 22 highest TB burden countries (HBCs) in the world [1] . According to hospital statistics data, TB is the leading cause of morbidity, the third cause of hospital admission and the second cause of death in Ethiopia [15] . In Ethiopia, a control strategy for TB was initiated in the early 1960s with the establishment of TB centres and sanatoriums in a few places, which then followed by the direct observation treatment short course (DOTS) program in the early 1990s [15] . Currently, the DOTS health facility coverage is 95 % and the majority (95 %) of the existing health centers/facilities are implementing DOTS-based TB treatment services. In the Tigray Regional State of Ethiopia, DOTS was introduced in 1995 and the program has now been introduced in all hospitals, all health centers and in most of the health posts. Nevertheless, there is little information on patients' adherence to anti-TB treatment as well as TB treatment outcomes in this Regional State [14] . Therefore, the two components of the current study were (1) to determine the level of anti-TB treatment adherence and to understand factors associated with non-adherence among TB patients who were on treatment during the data collection period, and (2) to retrospectively review records of TB patients and evaluate anti-TB treatment outcomes as well as identify factors associated with poor treatment outcomes in Alamata District of Tigray Regional State of Ethiopia.
Methods

Study area and population
The current study was conducted in Alamata District of Tigray Region State, located at a distance of 600 km northeast of Addis Ababa. Based on the 2007 national census conducted by the Central Statistical Agency of Ethiopia (CSA), this District has a total population of 85,403 (42,483 males and 42,920 females) [16] . During the current data collection, the District had one hospital, 6 health centers and 15 health posts, and all of these institutions were providing the DOTS service. Data for the current study was obtained from the attendees or patient records of the hospital and five health centers, namely, Alamata Hospital, Alamata Health Center, Garjale Health Center, Selen Wuha Health Center, Timuga Health Center and Waja Health Center.
Study design and sample size
A health facility-based cross-sectional study design was used to recruit study participants to assess the level of adherence to anti-TB treatment among TB patients who were receiving their treatment at the health facilities of Alamata District between November 2012 and January 2013. A sample size of 200 was determined to estimate level of adherence to anti-TB treatment assuming 85 % level of adherence [11, 12] with a 5 % margin of error and 95 % confidence. A retrospective cohort study design was employed to assess TB treatment outcomes for the last five and half years (between January 2007 and June 2012).
Study participants and data collection for the assessment of treatment adherence
All TB patients age over 15 years, who were on anti-TB treatment for at least 1 month during the study period and who were mentally stable, able to communicate, and provide informed consent were eligible for inclusion in the assessment of treatment adherence. A structured questionnaire was used to interview participants to evaluate level of adherence to anti-TB treatment [17] . The questionnaire recorded demographic and socio-economic characteristics of the study participants, general information about TB, information on treatment adherence and problems associated with non-adherence. The questionnaire was prepared in English and translated into the local language (Tigrigna). Trained data collectors at the respective health facilities interviewed the participants in their local language. The questionnaire was pre-tested and cheeked for clarity and consistency. During the data collection, the completed questionnaires were reviewed and checked for completeness, accuracy and consistency. Patients' knowledge about TB was ascertained based on their responses to 11 questions posed during a face-to-face interview. To generate variables to be used to evaluate the level of overall knowledge of respondents, all responses to the 11 questions were coded (i.e. correct answer was coded as 1 and incorrect answer was coded as 0) and added mathematically. Those respondents who scored equal to and/or above the mean were considered to have a high level of overall knowledge (or to be knowledgeable) of TB, while those scoring below the mean were considered to have low levels of overall knowledge (or be Non-knowledgeable) of TB.
Data collection for the assessment of TB treatment outcomes
Treatment outcomes were investigated by reviewing the records of all TB patients who were diagnosed with active TB as defined by WHO criteria and who had received anti-TB treatment between January 2007 and June 2012 using a data collection sheet. The data collection sheet contained socio-demographic characteristics of the study participants and information on treatment outcomes (cured, treatment completed, defaulted, died or treatment failed).
Description of outcome variables
The outcome variables are (1) adherence to anti-TB treatment as reported by patients attending health facilities for their regular anti-TB medication during a face-to-face interview, and (2) TB treatment outcomes as determined through a review of patents' records for the past 5 years and 6 months. The overall adherence to anti-TB treatment was determined based on the self-report of the study participants (i.e. the study participants were asked to report the total number of days they missed the prescribed medication/anti-TB tablets) for the last 30 days. The adherence percentage was calculated as the number of doses taken by the respondent as prescribed by the clinician, divided by the number of doses prescribed to the respondent in the last 30 days and then multiplied by 100. Those study participants who took at least 95 % of the medication as prescribed by the clinician were considered to be adherent to anti-TB treatment in the last 30 days, while those who took less than 95 % of the medication were considered as non-adherent to anti-TB treatment in the last 30 days. Moreover, non-adherence was evaluated as the doses of medication missed in the previous day, in the past 3 days and in the past 7 days. Treatment outcomes were assessed using a retrospective record review of patients, based on the WHO and national guidelines definition for TB treatment outcomes and monitoring [18] . For the purpose of modeling, treatment outcomes were dichotomized in such a way that cured and treatment completed patients were placed in one category and all other possibilities were clustered in another category.
Data processing and analysis
Data collected from participants of the anti-TB adherence study and data collected from the retrospective record review of previously treated TB patients were double-entered into two different files using EpiData software, version 3.1 (Odense, Denmark: The Epidata Association, 2003). The two data sets were analyzed independently using STATA version 10.0 (StataCorp, College Station, TX, USA: Stata Corporation 2007). The effects of predefined potential risk factors on the likelihood of adherence were modeled using logistic regression, and odds ratios with corresponding 95 % confidence intervals were reported as the measures of the degree of associations. Variables significantly associated with the likelihood of treatment adherence in the bivariate analysis (i.e. P value <0.05) were included in a multivariable logistic regression model to determine their adjusted relative contributions in predicting the likelihood of treatment adherence. Using the retrospectively extracted treatment outcomes and other patient factors, similar procedures were followed to identify variables which were significantly associated with the likelihood of having unsuccessful treatment outcomes while simultaneously adjusting for the effect other variables. Results were reported as being statistically significant whenever p value was less than 5 %.
Ethical approval
Ethical approval was obtained from the Institutional Review Board (IRB) of Aklilu Lemma Institute of Pathobiology, Addis Ababa University. Permission was obtained from Tigray Regional Health Bureau and Alamta District Health Office before starting the study. Since the majority (68 %) of the study participants were illiterate, verbal consent was obtained before interviewing each participant, and parental consent was obtained for participants under 18 years of age.
Results
Background characteristics of participants who participated in the anti-TB treatment adherence study
Background characteristics of the participants who participated in anti-TB treatment adherence study and the associations of these characteristics with the likelihood of adherence to anti-TB treatment are summarized in Table 1 . A total of 200 patients (58 % males, age ranged 15-78 years, mean age, 34.8 years) were interviewed. The majority (77.5 %) of the participants were new TB cases, while 47.0 % were in the intensive phase of treatment. About 89.0 % of the patients knew their HIV status, of whom 14.6 % were HIVsero-positive. With respect to collecting anti-TB medication from health center/hospital, 130 (65.0 %) respondents said that they get their medication daily, 17 (8.5 %) mentioned that they collect their tablets weekly and 53 (26.5 %) said that they collect their tablets monthly.
The average delay time before being served at the health institution was 10.2 min (SD = 11.3) and 187 (93.5 %) respondents reported that they were satisfied by the services of the health institution. Seventy-four patients (37.0 %) said that they were counseled on each visit, 74 patients were never counseled, 98.5 % of the study participants had open communication with the health providers, and 99 % of the study participants said that the care providers provided privacy for them during visiting the health facility.
Forty-eight participants (24.0 %) had no information on the causative agent of TB and 38 participants (19 %) attributed the cause of TB to a bacteria/germ. The remaining respondents suggested dust (20.0 %), stress or work load (16.5 %), chill (13.5 %) and smoking (7 %) as causative agents of TB. The majority (87.5 %) of the study participants knew that TB is a transmittable disease and 50.0 % were able to mention at least two symptoms, with cough being the most identified symptom (54.5 %). When participants were asked about the consequence of interrupting or stopping taking anti-TB drugs, 73(36.5 %) mentioned death. When the study participants were asked about the curability of the disease, 99 % of the respondents reported that TB is a curable disease. But when they were asked about the duration of TB treatment, only 84.5 % reported the correct duration of TB treatment. Based on their response to the questions, 73 (36.5 %) of the respondents were categorized as having a high level of knowledge about TB.
Level of adherence to anti-TB treatment
The level of adherence to anti-TB treatment was 96 % with the last 3 days, 98.5 % within the last 7 days and 88.5 % within the last 30 days. Non-adherence within the last 30 days was 44.4 % among smokers, 40.0 % among khat chewers, 26.9 % among those HIV seropositive and 22.2 % among frequent alcohol consumers (Table 1) . Relatively, re-treatment cases were less adherent to anti-TB treatment (17.2 %) compared to new cases (10.3 %). The highest proportion of nonadherence within the last 30 days was observed among patients who received their treatment at Selen Wuha Health Center when compared to patients who attended their treatment at the rests of health centers (Fig. 1) . The reasons reported for non-adherence were forgetting to take their medication (n = 8; 34.8 %), spending time away from home (n = 6; 26.1 %), failure to go to health facilities on the exact day of appointment (n = 3; 13.0 %), drug side effects (n = 1, 4.4 %), being admitted to a hospital (n = 4; 17.4 %) and other personal reasons (n = 1; 4.4 %).
Factors associated with non-adherence to anti-TB treatment
Results from logistic regression analysis, which was carried out to assess the associations of selected sociodemographic and other risk factors and the likelihood of non-adherence to anti-TB treatment are summarized in Tables 1 and 2 . In a univariable logistic regression analysis, being younger than 24 years of age, HIV sero-positivity, frequent alcohol consumption, having a smoking habit, having a khat chewing habit, a lack of satisfaction with health services and prolonged waiting time at the health facility to get medical services were significantly associated with non-adherence to anti-TB treatment. In a multivariable logistic regression model, being younger than 24 years and prolonged waiting time at health facilities before getting medical attention maintained marginal statistical significance.
Background characteristics of study participants included in TB treatment outcomes
Between January 2007 and June 2012, a total of 4275 patients (59 % males), with a mean age of 31.7 years, were registered to initiate anti-TB treatment at the study health facilities. The background characteristics are summarized in Table 3 . The majority (97.4 %) were new cases, while 589 (13.8 %), 1249 (29.2 %) and 2437 (57.0 %) were registered as SPPTB, SNPTB and EPTB cases, respectively. Among 2864 patients (67 %) who were tested for HIV, 587 (20.5 %) were sero-positive and HIV infection was significantly higher among urban than rural TB patients (17.8 versus 10.2 %, P < 0.001).
Outcomes of anti-TB treatment
The majority (90.1 %) had successful treatment outcomes, while 215 (5.0 %) had unsuccessful treatment outcomes [i.e. 35.3 % (76/215) defaulted, 58.6 % (126/215) died and 6.1 % (13/215) had treatment failure]. The overall rate of default was 1.8 %, with 61.8 % of the defaulting (Fig. 2) . In the multivariable logistic regression model, there was significant heterogeneity in the odds of having unsuccessful treatment outcomes across years of initiating treatment and across health facilities in the study area (Table 4) . Moreover, the odds of having unsuccessful treatment outcomes was significantly increased among SPPTB and SNPTB patients compared to EPTB cases, among HIV sero-positive patients compared to HIV sero-negative, and among retreatment cases compared to new cases (Table 4) .
Discussion
Non-adherence to anti-TB treatment might lead to an increased risk of drug resistance and a prolonged infectiousness, in addition to relapse and death [19] . Thus, data obtained from this adherence survey is essential for planning, implementing and evaluating advocacy, communication and social mobilization (ACSM) work. Between November 2012 and January 2013, 200 TB patients who were on anti-TB drug treatment were interviewed using a structured questionnaire to evaluate level of adherence to anti-TB treatment in Alamata District, northeast Ethiopia. The results showed that an overall treatment adherence of 1 month was 88.5 %, which is higher than the level of adherence reported previously from Southwest Ethiopia [20] . The difference in adherence rates might be explained by the difference in the characteristics of study participants, as their study participants were only HIV positive patients, while the current study participants were a combination of those HIV seropositive and HIV seronegative. In contrast to the current study, a previous Ethiopian study [11] reported a significant difference in adherence to anti-TB treatment during the intensive and continuation phases of TB treatment. The present study demonstrated a similar level of non-adherence (11.5 %) to the results of studies from USA [21, 22] and China (12.2 %) [17] , but lower than the results of previous studies in Ethiopia (26 %) [23] , Zambia (22 %) [24] , India (33 %) [25] , Europe (31 %) [26] and Norway (17 %) [27] . On the other hand, higher level of non-adherence was observed in the current study compared to the non-adherence level (4.5 %) reported from Kenya [28] .
In the current study, the main reasons for non-adherence were forgetting to take medication, being away from home, being unable to go to a health facility and negative drug side effects, which is consistent with the findings of previous Ethiopian studies [10] [11] [12] . In the present study, the proportion of non-adherence was high among frequent alcohol users and smokers, which supports the findings of a previous study [29] . These problems of non-adherence due to alcohol and smoking would be reduced by good communication between patients and health providers as well as by counseling. Previous evidence shows that good counseling [30] and good communication between the patient and health professionals [31] have a positive effect on patients' adherence to their medication regimen. Non-adherence to anti-TB treatment can adversely affect treatment success rate. Studies show that poor adherence to anti-TB treatment leads to treatment failure and death, while strict adherence helps to achieve the desired treatment success rate [32, 33] . In addition to the TB treatment adherence study, we assessed TB treatment outcomes in the present study area. The results showed that 90 % of patients had successful treatment outcomes, which is similar to the WHO target of 90 % (updated target 2011-2015) [34] , though the treatment success rates varied from 86.1 to 95.9 % across the health facilities. The findings of the current study are comparable to the findings of another recent study in Ethiopia [14] . However, the proportion of successful treatment outcomes in the current study is relatively higher than findings reported from central Ethiopia [35] , western Ethiopia [36] , northwestern Ethiopia [37] and from other African countries including Tanzania [38] , Nigeria [39] and Sudan [40] .
The findings of the present study showed that among patients with unsuccessful treatment outcomes, the majority (58.6 %) had died. This may be associated with HIV, which has been recognized as the most important risk factor for unsuccessful TB treatment outcomes. The HIV epidemic has a multifaceted negative impact in the control of TB [41] . The findings of the present study also showed that HIV sero-positive patients were more likely to had unsuccessful treatment outcomes (52 out of 587, 8.9 %) compared to HIV sero-negative patients (101 out of 2272, 4.4 %).
This study showed that the overall default rate within the target study period was 1.8 %, which is much lower than the findings of previous studies in Ethiopia [9, 10, 42] . It is also lower than the WHO recommended default rate of 3 % [43] . This indicates that the present study area is on track for the achievement of the Millennium Development Goal focusing on the control of TB. It was also noted that patients on re-treatment (4.5 %) were more likely to default than new cases (1.7 %). This finding is in line with the findings of previous studies in Ethiopia [13, 14] and a study conducted in Morocco [3] .
The treatment success of 83 % among SPPTB cases, in the current study is slightly low than the WHO targeted treatment success of 90 % for SPPTB cases. However, unsuccessful treatment outcomes were similar among urban and rural residents, which is inconsistent with the results of a previous retrospective study conducted in the Southern Region of Ethiopia, which reported that patients residing in urban areas had higher rates of unsuccessful treatment outcomes compared to patients from rural areas [13] . This difference may be due a difference in interventions and the duration of the study period.
Strength and limitations of the study
In the anti-TB treatment adherence component of the current study, we attempted to ascertain the level of TB treatment adherence in all forms of TB patients who received their treatment at several health facilities in the study area and this could be considred as one of the strengths of the study. However, treatment adherence was assessed based on data from the past 1 month and patients' self-report. Treatment adherence among younger patients (i.e. below 15 years of age) and those TB patients who followed their treatment at the health post level was not evaluated, which could be considered as the main limitations of the study. Similarly, treatment outcomes were assessed in all forms of TB patients who were treated at the different health facilities within 5 years and 6 months period. Nevertheless, it was not possible to determine all factors which could affect treatment outcomes since the results were based on secondary data which routinely collected from health facilities. Moreover, since the study did not include health posts it is difficult to generalize the findings of this study to all TB patients who are treated at health posts and other health facilities in the study area.
In conclusion, the level of adherence (88.5 %) observed in the current study area is relatively high. The treatment success rate (90 %) observed in the present study is also high. These are good practices in the study area, because effective treatment is not only an essential component of good patient care, but also a key element of the public health response to TB. However, still further effort like health education to patient or family is needed to reduce those factors which affect adherence and treatment success rates in order to ensure higher rates of adherence and treatment success in the present study area.
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